The air density equation of Jones, Edlen's dispersion formula for standard air, and Edlen's empiricallyderived expressions for the effects of CO2 abundance and water vapor partial pressure on refractivity have been combined into a simplified equation for the refractivity of air, and estimates have been made of uncertainties in calculated refractivity. Under ambient conditions typical of metrology laboratories, the agreement between the simplified equation and Edlen's formulation is well within the uncertainty in each. The simplified equation is valid in the visible region.
Introduction
In metrological applications of wavelengths of light in air, it is necessary to calculate the wavelength at ambient conditions of temperature (T), pressure (P), effective water vapor partial pressure (e1, and CO2 abundance (xcoJ, using the refrar.tive index of air under these conditions. The relation between A vae , the vacuum wavelength, Aair, the wavelength in air, and n, the refractive index of air, is Avae = n hair. Edlen [1] 1 has derived a dispersion formula for standard air (T = 288.15K, P = 101325 Pa, e' = 0, XC02 = 0.0003 by volume) and a formulation for the refractivity of ambient air, (n -l)tp/. Edlen's formulation is in general use in metrology. Jones [2] has recently published a reformulation of the equation for the density of air and applied it to the transfer of the mass unit. It is the purpose of the present paper to combine the air density equation, Edlen's dispersion formula for standard air, and Edlen's empiricallyderived expressions for the effects of CO 2 abundance and water vapor partial pressure on refractivity, and in so doing to develop a simpler formulation and to estimate uncertainties in the calculated refractivity.
The Edlen 1966 [1] dispersion formula for standard air is 
where n is the refractive index, a is the vacuum wave number, (IIA-vae ) , inJ.lm-1 and standard air is dry air at 288.15K,
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I Figures in brackets indicate literature references at the end of this paper 101325 Pa and a CO 2 abundance of 0.0003 by volume. Edlen [1] expressed the refractivity, (n-l)tp of dry air at temperature t (in 0c) and pressure p (in torr) as (2) where K" [3] is a dispersion factor which is independent of t and p, and the density factor, Dtp, is
where a = 11273.15 and €t is a factor which multiplies pin an expression for the nonideality of the gas. By substituting suitable values, (3) becomes
For air with a CO 2 abundance of x by volume, Edlen derived
and,
for the difference in refractive index of moist air holding h torr of water vapor at a total pressure p. (To avoid using the same symbol for two different quantities, in the present work h has been substituted for EdU;n's j).
From (4) and the relation
EdIen's general formula is
where D. (= 720.775) is the density factor for standard air.
Equations (5), (6) , and (8) are generally combined in the calculation of the refractivity of moist air, in the visible region.
Present Formulation
In the following, the air density equation derived by Jones [2] will be incorporated into a refractivity equation.
The density of moist air, e, is given by [2] = PM. [ 
100 P ,
where P is the pressure in Pa, M. is the apparent molecular weight of dry air, R is the universal gas constant, T is the temperature in kelvins, Z is the compressibility factor (the non-ideality of the air-water vapor mixture is reflected in the departure of Z from 1), U is the relative humidity in percent, and I is the enhancement factor (a factor which expresses the fact that the effective saturation vapor pressure of water in air is greater than the saturation vapor pressure, e., of pure phase over a plane surface of pure ordinary liquid water). Tables of Z, e. and f are provided in the appendix of the present paper.
The Lorentz-Lorenz [4, 5] formulation of the ClausiusMossotti [6, 7] equation can be expressed as
the left side of which can be approximated [1] by ; (n -1).
[I-(n -1)/6]. Therefore,
where e. and M. are the density and apparent molecular weight, respectively, of dry air and C and C' are constants.
Since e. = PM.IRTZ [2] , (11) becomes (n-I) = C' P , (12) RTZ [1 -(n~l) ]
and for standard air,
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By dividing (12) by (13) , (n -1) = 0.0028426 TZ (n -1) (n -1)., (15) [1 -- 6-] which, when rearranged, becomes
The appropriate square root of (16) is
We shall return now to EdIen's development and combine (2) with (3): It remains now to combine (17) with EdIen's empiricallyderived expressions for the effects of CO~ abundance, (5) , and water vapor partial pressure, (6) , to arrive at the general expression:
(n-I) = 3 -{9 -(n-I)." 
where e. is in Pa. Equation (20) corresponds to (8) combined with (5) and (6), i.e. EdIen's formulation [1] . The agreement between the refractivity of moist air calculated using (20) and Edlen's formulation is illustrated for T = 293.15K, P = 101325 Pa, U = 50, XCOl = 0.00043, Z = 0.99963 (from , and the Edlen formulation gives (n -l)'Ph = 19068.1 X 10-8 • As will be demonstrated in the next section, the difference between the results for the two formulations is well within the uncertainty of each.
Equation (15) can be approximated by
TZ in the first of the above examples, the resulting change is 0.02 X 10-8 which is negligible. Equation (20) then becomes 
Estimation of Uncertainties
We follow the suggested practice of Eisenhart [9, 10] in stating separately the random and systematic components of the estimated uncertainties. The stated random component is one standard deviation; the stated systematic component is one-third of the half-width of the interval between the bounds on the systematic error.
The uncertainties in calculated (n -l)TP.' due to estimated uncertainties [2] in P, T, Z, U, f, en and x can be estimated from equation (22). We shall not attempt to estimate the uncertainties in EdIen's [I] dispersion formula for standard air and his expressions for the effects of CO 2 abundance and water vapor partial pressure. The state-ofthe-art in pressure measurement [11] permits the measurement of pressure in a laboratory with a random relative uncertainty of less than ± 0.02 percent, calibration of pressure measuring instruments against a primary standard of pressure contributes a systematic relative uncertainty of about ± 0.003 percent. The corresponding uncertainties in (n -Ihp.', in the first example above are ± 5.4 X 10-8 and ± 0.8 X 10-
.
The measurement of temperature in the air path is potentially as critical as the pressure measurement, in terms of its effect on the uncertainty in the calculated (n -Ihp.'; it is possible to make only a rough estimate of the uncertainty in the temperature measurement. If the vicinity of the path were instrumented with a network of thermopile junctions, the measurements would be expected to have a standard deviation of about ± 0.05K [12] and a systematic uncertainty of the order the ± O.OIK. The corresponding uncertainties in (n -l)TP.' in the first example are ± 4.6 X 10-8 and ± 0.9 X 10-
The estimated systematic relative uncertainty in the compressibility factor, Z, for the first example is ± 0.0017 percent. The corresponding uncertainty in (n -l)TP.' is ± 0.5 X 10-
The uncertainty in calculated (n -Ihp.' due to humidity measurement can be estimated from the second term in (22). The state-of-the-art in humidity measurement [13] permits the measurement of relative humidity, U, with a random uncertainty of ± 0.5 percent relative humidity and a systematic uncertainty of ± 0.3 percent relative humidity. The corresponding uncertainties in (n -l)TP.' in the first example are ± 0.5 X 10-8 and ± 0.3 X 10-8 • The uncertainties contributed by uncertainties in f and e. are negligible [2] . The uncertainty in calculated (n -Ihp.' due to a variation in COl abundance, x, can be estimated from (5). In the first example, a variation in x of ± 0.0001 corresponds to a systematic uncertainty in (n -Ihp.' of ± 1.5 X 10-
•
The overall random uncertainty in (n -Ihp.', estimated by combining the random uncertainties by quadrature, is ± 7.1 X 10-8 • The overall systematic uncertainty, estimated by combining the addition, is ± 2.5 X 10-11 • The systematic uncertainty due to variation in COl abundance is necessarily not included. It should be emphasized that these uncertainties are based on the best possible measurements of P, T and U.
Direct Determination of Air Density
In 1967, Bowman and Schoonover [14] used a pair of stainless steel weights (one of which was hollow) of nearly equal mass but of grossly different volume to make direct [15] .
Having estimated the uncertainty in calculated (n -lhPe' due to the uncertainties in the various variables to be about 
The uncertainties in the various parameters in (25), other than e and (n -l)z, are taken from [2] . The resulting overall uncertainty in the calculated (n -1)TP.., are ± 1.9 X 10- 
Conclusions
lones's air density equation [2] , EdIen's [1] dispersion formula for standard air, and Edlen's empirically-derived expressions for the effects of COl abundance and water vapor partial pressure on refractivity have been combined into a simple refractivity of air equation, and estimates have been made of uncertainties in calculated refractivity.
The general equation is (22), which is valid in the visible region; tables of Z. f and el have been included in the appendix of this paper. The overall estimated uncertainty is about ± 1 X 10-7 at the level of the equivalent of 1 stan-30 dard deviation. The major contributors to the uncertainty in refractivity are the uncertainties in the measurements of pressure and temperature. The magnitude of the uncertain· ty due to variation in CO 2 concentration can approach that of the uncertainties due to the pressure and temperature measurements. Therefore, the CO 2 concentration should be treated as a variable and should be observed.
If it were practicable to make a direct measurement of air density representative of the air path, the uncertainty in calculated refractivity due to the uncertainties in the vari· ous variables and parameters would be reduced by a factor of about 2.5.
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